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ballistic injury, and bled (A13), and conscicus bled (CB). The model
is the splenectomi:zed, 90kg Lerge ¥hits Pig. The !: .orrhage volume
was 15wl/kg resove.. over & oue hour period. The ballistic injury wase
given just before the hemci . hage, and only involves the soft tissue
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for the measurement of physiologicel parameters (hesrt rate,
arterial and central venous pressures, and renal artery and aortic
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provoked & significant and lasting drop in CVP in the anestletized
animais. The combination injury and hemorrhage modified the cardiac
responges to hamorrhage by favoring the inotropic responses moce
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classic hemorrhage model doass not therefore sxactly represent the R

hemorrhage received in combat which is generally asiocieted with a

ballistic injury.
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Srant No. DAMD17-89-2-9026

FOREWORD

Opinions, interpretations, conclusions and recomuendacions are those of the
~author and are not necessarily endorsed by the U.S. Amy.

Where copyrighted smtarial ia quoted, p-mluion has been obutnad to
use such aaterial.

Where matarial fcoa ducuments designated ‘for limited distribution is
quoud pemission has bsen obtaiawd to use the materizl.

_R_Cleations of campeccial organizations and trade names in this report 3o
ot constitute an official Dapartmunt of the Army endorsemsnt or appsoval of
the products or sacvices of these o*gmint_mm

In conducting ressarch using snimals, (he investigator(s) adhered to the

for the Care and Uge of Laboratory Animals," prepared by the Committee 1

on Carc and Us2 of ILaboratory iaimals of the Instituts of Laboratocy Animal 4
Resources, Mational Rasearch Council (WIH Publication No. 86-23, Revized 198%).

For the protection of himan subjscts, the investicator(s) hare sdhered
to policies of applicable Feleral Lww 45CTR4S.

In cunducting research utilizing recasbinant. DMA technology, the
investigator(s) alhired to current guidelines pramulgated by the Naticnal
Inatitutes of Realth.
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COMBINED EFFECT5S OF BALLISTICS INJURY AND RLOOD LOSS

1- INTRGDUCTIOM

Recent studies suggest that a variety of factors may impact ¢r the
physiological and biochemical respunses teo arnd survival following a
major hemorrhage. For exampie, in response to removel of & fixed
voluyme of blood, animals bled in & holding cage had a higher
survival rate than thore bled ir a Paviov 8ling (6). This simple
chauge in nancling procedure drastically changed the cutcoms. In
addition, it has been found that the hemodynamic and biochemical
responses duriig recovery from blcod loss ere altered by the
addition c¢f sciatic nerve stimulation s3 a nociceptive input,
showing that possiile nervous system involvement trom injury can
wodify the homeostatic reflexes to hemorrhage (18).

- LYl Y taan ol A i
A high veloc.ty shot in the thigh of an anzsthetized pig indouces

i»

high frequency, high amplitude pressure wave. This wive is not
restricted to the injury ares, but can ke ravcrded throughout the
body and induces structural changes in the sciatic nerve and oven ir
the central nervous system (22, 9).

Thuese findings raise questions of the applicability of {nforratioa
obtained from pure hemcrrhage animal models to the undevstanding ol
what happens to the wmilitary trauma victim, who would likely have
ballistic injury plus hesorrhage. Almoskog (1) studled the afects
of hypovolemia on local missile injury, but ke did not etudy the
opposite question, how does local missil injury affoct the retponses
to hypovolomia? Therefore, our study wae designed to charactarize
the physiological reeponses involved in the combination of a
realistic battlefield ballistic iniury with a fixed-voluyms
hemorrhage. This information should holp us more fully understand
the applicability of animal models to combat casua'ty care.

Hemorrhage model:
Previous studies demonstrated that the domestic.pig is superior to
the dog or sheep &5 a large animal medel of hemorrhagic hypotension




(23, 7, 1%2). Functional characteristics of the pnrcine
cavdiovascular system and the pig's hemodynamic respor.ses to
hemorrhage mor® closely resemble those of the human than do other
animal mordcls (14, 28). Moreover, an animal with sufficiently large-
sized muscle mass is required in orde. to perform the the type of
ballisvic, soft tissue injury utilized in this study. The Large-
white pig, weighing approximately 90 kg meets this muscle nass
Tequivenent.

It is necessary to splenectonmize the pig, because the pig has a
large contractile spleen which Hannon and al (1l1) ihoved i5 capable
of storing a large volume of red blood ceils which can be released
in response to hemorrhago. The splenactomlised pig has rusporsss to
hemorrhanc that are remarkably similar to those reported for adult
humans (13).

The fixed-volume hemorrhage model seems to simulate the hemorrhage
seen in combat casualties better than the Wiggerc.fixad-precsure'
hermorrhage .0odel (10). Alsc, recent experiments have demonstrated
that blood loss produced by aortotomy results in a more hypotensive
response than that expected by the loss of a similar velume of blood

in the fixed-vuluime philebotomy medsl (2). Thie ie another indicativon

that injury plus blood loss alters the responsec in tuoa combat
casualty.

LI- KXTEQUC

Scrgical preparation:

Thrirty-eight fomale Large-white pigs (obtained from a commercigl
gwine farm) were used in this study. They underwent threase
cperations. The animals were fasted 24 hours hefore each surgery
with water available «d libidum. On cthe morning of surgery, they
were pre-medicated wicii kotamire (30 mg/kg), acepromazine (2 mg/kg)
and atropine (0,05 mg, 'ng)\. ML intrravenous infusion of saline (0,9 §
NaCl) was begun and the arimals were intubarted. For wajor surgeusy,
0,5% - 1.0y halothane was adrinistered with 203 02 and 80% N20, with
& Minerve reepirator. All surgery was performed using aseptic
techniques. '




The three surgerics were as folilows : 1) Six weeks befocre the
experiment, the spleen was removed via a left posterior lateral
hypoéhondral laparotomy.

2) Two weeks before the experiment, we chronically implanted a renal
flow probe, catheters and EXG electrodes. The electromagnetic ficw
probe (4 mm, Spectramed) was placed around the left renal artery via
a rorroperitoneal incision. Two silicon catheters (Silastic N°602
25; Dow Corning) were inserted non-occlusively; one wuaa inserted
into the left carotid artery to be used for taking bloacd samples,.
and the uther intc the left external jugular vein and advanced to
the right atrium to be used for measuring central venous pressure
(3tatham transducer - Spectramed). Three EKG leads {spiral of steel
wire on silastic patch) were placed subcutanously in the middle of
the rigint and left chest and on the back and attached tu the
musculature. 3) One weak before the sxperiment, we performed a left
thorasotomy and an electromagnetic blood flow transducer (20 mm -
Spectramed) was placed around the acrtic rcot. A pressure transducer
(Koenigbberg Instrument) was also placed into the aortic¢ root. A
strain gauge embedded in silastic (Medical Adhesive Silicea - Dow
corning) was sutured onto the left ventricular myocardium.

Finally, a largu-bore silastic catheter (n° 602 405, Dow Corning),
through which the hemorrhage was performed, was sutured non-
occlu3ively into the aortic wall.

The catheters and the flow probe, pressure tranasducer and EKG
connectors were tunneled subcutaneously and exteriorized out the
laft side and sutured at an interscapular poricion. A specially
degicned protstive hox with connectors was placed on the pig's
back: it enatled us to record from the unanesthetized animal (photo
1).

Catheters were flushed daily with a normal saline solution and
fi)led with & saline solution containing heparin (22 U/ml).
Cxytetracyclin (50 mg/10 kg) was administered daily to prevent
infection. The entire post-operative recovery was monitored and
appropriate treatnent administered if needed.

Experiasental protocol:
There were 5 experimencal groups with 5 animals per group and the

animals wers randomly assigned to each group ;




a- Protective box and special turning connector
The protective box have thvee partitions (on left: for
catheters. on right: for acquiring phycioicgical datas, on
middle: for hemorrhage catheter)
The special turning connecto: have 50 ccrnneccions.

b- The physiclogicals
paramsters are
recorded on conscious
animals thanks to a
special Turning
connec:tcrs placed on
the back of “he pig.
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croup l: anesthetized pigs (k)

;voup 2. anesthetized and injured pigs (AI)

group 3: anesthetized and bled pigs (AB)

group 4: anesthetized, injured and bled pigs (AIB)
group 5

: conscious bled pigs.(CB)

To achieve the ballistic injury, we used unfragmentable high
velacity bullets (similating AK 74 round). These bullets were
recongtituted according Fackler's technigue (8). The target area for
the shot was in the thigh muscle. The target area was determinated
by radiography in order to avoid any fracture, large vessal or narve
damage. This standardized shot procedure also resulted in a
standardized missile trauma (4).

We removed 15 ml/kg blood ceontinuously over 60 min, in & lothithmic

fashion to mimic a hemorrhage from a severed artery: the blood was
removed uniformly in equal parts ever succesive intsrva
12, 13 and 16 minutes ‘10, 11).

The pigs were fagted 12 h prior to experiment with water available
&d lib. On the moraning of the expariment, the pigs were brought to a
holding cage to which they had previously been trained to beccme
familiarized with the surroundings and used tc the experimentsl
prscedure. The aortic and renal flow transducers were connected to
the blood flowmeter (2202 Spectramed). The aortic pressure
transducer and venus pressure transducer were connectad to
amplifiers (Signal Conditioning Amplifier 2310, Vishay
Measurements). The EKG electrodes were connected to the amplifier
(Universal Amplifier, Gould). All physiological parameters were
recorded on a Dash IV recorder (Astro-Med). '

A period ¢f 30 min was allowed for the animal to become accustomed
to the surrouandings before pesrforming the initial mesurements and
taking any sawmpies. After this 30 min‘petiod, baseline control
measurements and a blood sample was taken (t-30;. After the’
recording aid samples were taken, the anesthetized groups received
ketamine (10 mg/kg bolus iv and 0,5 mg/kg/min infusion). Then, they
were rapidly taken to the ballistic laboratory. The post-anesthetic

[ . . .
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measurerents and sample were then obtained (t-15). From that mument,
the physiological parameters were conrxnously racorded until the end
of the hemorrhage. In the groupe receiving the ballist’ec injury, it
prececed the third sample (t-5) and the start of hemorrhage (t-0).
Samples were taken at 5, %, 19, 31, 44 and 60 min; ahd'phyeiological
recordings were taken at i, 180 and 3€. min after the beginning of
the hemorrhage. The &nestnet .« infusion was stopped at 60 min.

These recording and sampling procedures were the same for each
group. After the injury wau induced, local treatment coasisting of
autisepsis and sticking plaster was carried out. Sanples and
recordings were ma&de dally for four daye in order to atudy the
recovery. After the experiment, the animals were euthanized with an
intravenous over::ose of barbiturate.

Sample -allylou g

Each sample require 40 ml of blood. Homatology .re studied with a
Coulter Counter T540. Coagulation tests were pertormed with &
fibrometer (Merieux). Blood gases were mesured with an ABL 500 Blood
Gas Analyzer (Radiometer). Biochemical &nalyzis were made with a
sami-automatic analyzer FP %00 (Labsyeien), and ionsgrams with an
automatic analyzer K644 (Ciba-Corning). Finally, catecholamines ware
mcasured by high-pressure liquid chromatography (Verian S.J LC-
Chromatofield Eldec 103).

Physiological paramsters :

Heart rate, cardiac output, rena2l blood flow, and arterial and.
venous preasure were directly recorded (see a%hove). Systemic _
vascular resistancs was caigulated hy dividing the mean arterial
pressure by the cardiac output. Renal vascular resistance was
estimated as the ratio of mean arterial pressure to renal blood
flow. Stroke volume was calculated with the fraction: cerdiac
output/heart rate.

Statistical annlysis :

The homogeneity of the baseline valuss was teated with a Friedman
pseudo two-way ANOVA (21,17). To ascertain whether there were
changes within & group with time, we performed a Wilcnxon signed

ra~r test comparing post-hemorrhaqge values to the control values.




T, we Jeterllined whetiner there were differences between groups
usirg the Mann-Whitney U test. In order to elucidate how ballistic
irjury modified the effects of hemorrhage, we riade the following

cormparisons

) To determine the effect of hemorrhage alone in anesttetized
animals, we compared the non-injured, non-bled group (A) with the
non-injured, bled group (AB).

2) To determine the effect of injury alone in anesthetized
animals, we compared the non-injured, non-bled group (A) with the
injured, non-bled group (Al}. ’

3) To determine the effect of the combined injury and
hemorrhage in anesthetized animals, we coupared the non-injured,
nan-bled group (A} with the injured, bled group (AIB).

4) To determine the effect of hemorrhage on the injured animal,
we compared the injured, non-bled group (AI) with the injured, bled
group (AiB;.

Lestly, we analyczed the effects of anesthesia on the hemorrhage
response by ccmparing tiae anesthetized, bled group (AB; to the
:onécious, kled group (CB).

Statistical significance was accepted at p<0.05. The data is

expressed as mean + SEM.
A1I- RESULTE

Six pigs died before the experiment : 2 from aortic ruptures because
ot the flown :ter, and 4 from cardiac fibrillation during surgery
which occurred &t the time of suturing the strain gauge to the left
ventricle in spite of prophylactic xylocaine treatment. wWe were thus
zompeiled to omit the strain gauge technique. Two pigs were excluded
because they developed a perforated ulcer with uncontrolled blood
loss.

We criginally planned to remove 24 ml/kg blood volume, but all the
anesthetized pigs (three) died. So we used a smaller hemorrhage

7
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szudy all the piqa throughout the racovery period, ws .decided to
perform a 15 ml/Kg hemosrhage.

Controls values :

Control levels were similar to tShose reported in previous published
studies, except parameters wich were changed because of the
operaticns (enzymology). Depending on whether comparisouns were made
on the acute or recovery phasesz of the study, two control values
were used. For the acute (0-360 min) phase, the first point before
the experiment but after anesthesia administration was used. For the
recovery (24 to 96 hours) phase, the point before anesthetic
administration was used. Te allow comparisons, Lhe control data o
point for each variable wes assigned a normalized value of 0 and ail

other values were corrected to reflect relative changes. All the

values (mean and SEM) are submitted in the appendix. The interesting )
" changes are shown in curve form (figures 1 to §). ' %

Nemodynamics responses :
Baseline vaiues of ail physicsl parameters did not change during the

time-control, pre-irnjiary and/or pre-hemorrhage periods.

Figure 1 shows the ~hanges in heart rate (HR), mean aortic pressure
(MAP), central venous pressure (CVP) and cardiac output {(CO).
Hemorrhage caused a tignificant /p<0.05) 20% increase in HR betwa2n
initial and post-hemcrrhage values only in the anesthetized, non-
injured hled group (&B). Thers were no time-rcleted changes in HR in
any of the other four yroups (A, AI, AIB and CB;. For the hetwesn
group comparisons, the AB group had & significantly higher MR whan
" compared to the control group {A vs AB, p<0.05) as well as the
conscious bled group (AB vs CB, p<0.01). Ballistic injury had no
effect on HR, either by itseif or in combination with hemorrhags.

L o i ars

PRI

This level of hemorrhage cauvsed MAP to fail significantly, both with
respect to time and when compared to the time control group, by 20%
in the conscious group (p<0.G5) and by 30% in the anesthetized group
(p<0,Cl), and MAP did not return to control levals even after 240
min. There was a heterogenous response (initial decrease and then
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which did not permit us to dotect a significant airrerence. as wacn
HR, ballistic injury had no effect on MAP, either by itself (A vs
AI) or in combipnation with hemorrhags (A vs AIB). This suggests that
bailistic injury attenuates the fall in MAP induced by this lsval of
hemorrhage in anesthetizad animals.

Central venous pressure (CVE) decreased significantly (p<0.05)
between pre and post-treatmenr. values in all treated groups : by 45%
in the AB group, 40% in AIB, 3%% in CB, and 25% in the AB group
(0.05 < p < 0,10). The CVP recovered toward control values at 2 h
after hemorrhage in the anesthetized bled group (AB) but not in the
injury alone group (AI; or the combination group (AIR). Betwear.-
group compavisons showed sigrificent diffsrences batwesn A vs Al
(p<0.01), A vs AIB (p<0.05), and AB vs C3 (p¢0.05).

Cardiac output (CO) was significantly (p<0.05) reduced from pre-
‘hemorrhage values by 25% in the anesthetized bled group (AR).
Althdugh there was a tendency for CO to fall in the order groups (by
12% in the combination AIB group and by 103 in the conscious bled
(CB) group), the responses were heterogenvus and dld not peormit us
to find statistical significance. The anesthntized hemorrhage group
(A vs AB) had a significantly (p¢0.0l) greater response than the.
combination of ballistic injury and hemorrhage group (A vs AIB),
again indicating that the ballistic injury attenuated the fali in CO
in response to the hemorrhage. There was aiso a significant (p<0.01)
difference betveen the anesthetized and conscious bled groups (AR vs
CB).

Figure 2 shows the chargee in stroks volume (SV), systemic vascular
resistance (SVR), renal biood flow (RBF) and renal vascular
resistance (RVR).

Stroke velure (SV) was significantly (p<0.05) reduced between pre
and post-hemorrhage values in both the anesthetized (35%, AB) and
the conscious (20%, CB) hemorrhaged groups. SV remained lower than
kaseline for the entire 5 hour experimental period in tle AB group.
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Hemorrhage reduced SV significently (p<0.01l) ia tha antsthetized
bled group when compared to the time control group (A va AB). ,
Only the anestheti:zed bled (AB) group and the combinaticn injury and
“emorrhage (AIB) qroup decreasad SVR significently (p<0.05) by 25%
and 10%, respectively, betwesen initial aud poest-hemorrhage values.
There were no significant diffarences betwean any of the groups at
the end of hemorrhage (AI vs AIB, AB ve AIB, AB vs CB),

There was a significant (p<0.05) decrease in renal blood flow (RBF)
by 408 in the anesthetized bled group (AB, and bv 30% in the
congscious bled group (CB) between the initisl and post-hemorrhege
values. Hemorrhage group had a significant (p<0.01) decreasa in RBF.

There was no change in renal vascular resistance (RVR) in any qroup.

'~ between control and post-hemorrhage values. The increase in RVR in
the combination (AIB) group was caused by heterogenous values Guring
the period (after 60min) when the anisxals were recovering from
anesthesia. There were alao no significant diflerences between
groups.

Figure 3 shows the ratios cf RVR/SVR and SV/CVP.

There was a signiticant (p<0.05) increase in the RVYR/SVR ratio of 35
% in the AB group between the control and post-hemorrhage values.
The RVR/SVR ratio was significantly (p<0.05) greater in the A vs AB
group but not ir the A vs AIB group. The RVR/SVR ratio was alsc
significantly greater in the AB group compared to the CB group.
There were no other signifiicant diffsirsncss batwaan any of the othar

gyroups.

There wes a significant (p<0.05) increese in the SV/CVP ratio, by
60% in the AJ group and by 100% in the AIB group between the pre and
post-hemorrhage values. The increase by 320% in the AIB group was
caused by a heterugenous responae during the period when the animals
were recovering from anesthesia. Ballistic injury increased
significantly ratio SV/CVP, either by itself (p<0.0l) or in
combinaison with hemorrhage (p¢0.05).There were no other significant

differences between any other groups.

12




FIGURE N°3

.i'_".i'-';;'-‘,: ' A TH T
Yo foetloeso 20 120 190 (8B FI3 WY IV SO IOy

" ainatoes

Hemodynamic changes in the five groups: Anesthetizes (= -,
Anesthetized and injuried (—). anesthexized amd bied (= =),
anesthetized . injuned and bled (., conscious biad (--- .)

(tme of hemorrhage: ™) )

COPY AVAILABLE TO DTIC DOES NOT PERMIT FULLY LEGITLE RZifOLTCTION

13




ATl P TRERD. N Gsan ) TWVSUER  sm e

Only the parametars with significant varliations &re shown in the
figures 4 and 5. '
Hemorrkage produced an increased release of epinephrine with _
significant (p<0.05) differences at +60 min in all three hemorrhage -~
groups (AB, CB, and AIB) when comparead te ths pre-hemorrhage value. ’
The comparisons between the Al vs Al3, the A ve AB, and AB vs CB
groupe were gsignificant (p<0.05).

Glucoss was increased by 358, 25 & and 10%, respectively in the
thrse groups: AB (p<0.01), AIB (p<0.0l1;}, and CB (p<0,05) groups whea
compared to pre-hemorrhage vaiues. There wss a late 20% increase in °
glucose in the anesthetized and trauma alone (ARI) group at 360 min
(p<o.01).‘Thero were no significant differences between groups.
Plasma creatinine increased (p<0.0l) by 38% in AIB group and by 18%
in AB group at 180 min. At this time, thsre were significant

(p<0.01) differences between the AI vs AIB, A ve AB, AB vs CB, and A
vs AIB groups.

Blund PH and blood gasss didn't shown esignificant variations between

pre and post-hemorrhage velues. However, plasma bicarbonate was _
decreased signrificantly (p<0.05 at + 180 min) in both the AB and AIB
groups. Six hours after hewmorrhage, arterial bicarbonate tended to
return toward its control value but only in the AB group. At this
time, arterial bicarbonate was decreasing in the AI group. There -
wore no significant differences. between groups.

Figure 5 shows some biological parameters which presented some
significant long-term changes, to 96 hours after the experiment.

Hematocrit and hemoglobin levels fell rapidly until 6 hours {p<0.01)
and rore moderatly until 24 houre in the 3 bled groups (AB, CB, and
AIB). At this time, there were no statistically giqnificant ’
differences between thaose groups.

The number of leukocytes presentad a moderate increase (10 to 25%)
at 6 hours. and a second larger iacrease (+45 &) at 72 hours in the
AIB grcup. Thess changes were significant. There were nc significant
changes betwasen the groups.
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Reflecting cellular destructior, the snzymes SGOT, LDH and CPK were
increasing tc a peak at 24 hours in both trauma groups (AI aud AIB).
The increase in the Al yroup was similar to the AIB group fcr SGOT,
pu= comewhat less for LDH and CPK. '

IV- DISCUSSION

For this study, we used the splecnectomized pig model. This model is
considered as one of the best with respect to hypovolemia, and also
the best with respect to stuaying projectile injury (20). In fact,
the muscular thickness of the thigh (about l4cm), allows one to
obtain & significant cavitation .effect (4) and thereifore the
resulting tissue lesions are more representative of those which are
observed in humans (1).'Furthermore, we have chosen the site of
impact so that there will neither be a diaphyseal fracture (distance
between diaphysis and projectile trajectory > 7cm), nor damage to a
major blood vessel. Under these conditions, the hemorrhage dues to
the damage from the projectile is minimal. The ballistic injury is
administered just before the hemorrhage, thus making these
" conditions more realistic to those seen in combat. In craating a
ballistic injury, the rules of gcod laboratory practice require the
experimenter to anesthetize the animals. we have chosen to use
Ketamine as the anesthetic be:ause it modiries the function of the
cardiovascular system minimally during hypovolemia (25, 26, 27).
After administration cf the anesthetic, we have found a slight
......... L B
These results, in agreement with those given in references, are
consequence of central stimulation of the sympathetic system (21,
26, 25). 1In preliminary measurements of the plasma volume using the
Evan's Blue method, we showed that the total blood volume of the
splenectomized, 90 kg, Large White Pig, varies betweer 60 to
66m1/kg. A hemorrhage of 15 ml/kg therefore corresponds to a
moderate hemorrhage of 25% of the total blocod volume. Such a blood
loss does not provoke a maximal synpathetic stimulation ; this
ailows us to compare the amount of stimulation evoked by different

creatnents.




in the coasclous animai, a hemorrhage cf 25% provokes a very mild
respo.gse., Because of an insufficlent number of animals in this
study, the changes observed in the conscious animal. were frequently
statistically insignificant. Likewisée, in the anesthet.:ed animals,
we have found some physiological responses of variable intensities.
Nevertheless, in ei“her conscious or anasthetized animals, the
hysiological responses to tn: hemorrhage were generally in accord
with those given in the literature (10, 13, 2, 16). The response
corresponds to the classic scheme of a moderate sympathetic
reaction: the reductiun 0f blood volume and arterial pressure
stimulates the sywopathetic system via the volume and haroreceptors,
wnich immediately causes an increase in heart rate and
vasoconstriction of certain peripheral ascular beds like the
kidneys. As Sound in many other animal studies, the decrease in
renal flow wrs independent of thie decrease in aortic flow, The
variable, RVR/SVR, givas a gocd i+ a of this differential
vasoconstriction. In cortrast, we observed that the systemic
vasculer resistance decreased in this study. Henunon has reporte-
sim.lar results in the literature of porcine hypovolemia. The

variability of the phytiological parameters [cund in the conecious
and anesthetized hemorrhaged groups generally agree in some ways but
are of different intensity: they are more marked when the animal is
anesthetized. Iun fact, the administration of anesthetic, general, is
a tfactor which aggravates the response to hypovolemia. There exist
many hypotheses concerning the mechaniams of action ot>ketamine: it
can dimirisn the vasomctor responses, in spite of its effacts on
stimulating sympathetic discharge centrally, and it has a depressant
effect on tiie myoccaru-uit {24). Our study shows effectivel a large
drop in the stroke volume (the incresse in heart rate wasn't
sufficient to ba the causa) in animals enesthetized with ketamine.

The projectile used in this study hae & spesd between 900 and
950m/sec at impact. The injury caused to the soft tissue of the
thigh shows those local hemodynamic modifications as described by
Rybeck, Holmstrtm and Almskog: a large zone of hyperemia surrounds
the lschemic area adjacent to the projectile trajectory. Thus, in
the animals of the AI and AIB groups, we saw a cutaneous vagomotor
reaction (RVMC of Breteau) appeuring some minutes after the injury,
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civing evidznce ot the existence of this phenomenor in the present
study. Rybeck has shown that the local lesions are accompanied by an
increase in the loss of blood in each of 2 limbs, with a glight
reduction of arterial pressure and heart rate. It suggests tha
possible action of vasodilatory or neurogenic substances, but does
not explain the non-cardiac response.

_In the anesthetized and ballistically wounded animals, we have found
a consistent Gecrease of the CVP, the other parameters do not
present sign’ficant variations. The CVP aecreased rapidly until
30min after the irjury and it was maintained at this low level. This
drop indicates an increase in the venous capacitance which could be
due to the slow liberation of vasoactive substances by the injured
tissue.

The animals in the injury and hemorrhage group presented rather
heterogenous responses, which explains their occasional lack of
statisticel significance and makes it difficult to interpret.
"Nevertheless, all show & drop in CVP like thoae observed in the
anesthetized, injured without hemorrhage. One would therefor
hypothesize, as we have noced with the 16 ml/kg hemorrhage
experiment, that the injury would aggravate the effects of
hemorrhage. But this study has shown that fc the humorrhage of
15ml/kg, the arterial pressure subsides less v  there is trauma
associated with it. Two hypotheses can be advanced : eithsr (1)
periphcral vasoconstriction, or (2) the inotropy of the heart

app2ars ore effective in this case. Evidence against the first
hypothesis, only 1 of 5 animals reacted with an intense
vasoconstriction (cthe reason for the large response observed in tae
AIB group on the RVR and RVR/SVR curves. The cther subjects appear
to havse maintained their arterial pressure with an increase in
inotrecpy. Thus, in spite of a low preload, the stroke volume dis not
‘drop significantly, contrary tc that observed in the anesthetized
henorrhaged group. The results which we have obtained of the animals
" instrumented with the myocardial strain gauge appsars to confirm
this hypothesis. Figure N° 6 shows the time course of the change in
h2art rute on the bottom panel and the relative change in the racio
of cardiac strain gauge over stroke voluire on the top panel, for one
animel in the AB group and one animal f.om the AIB group. This
fijure gives evidence for the inotropic hypothesis: one sees .nat
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ot rocaan/SV ratiol increased when there was an injury,
e Lo oLwnolzhage asone while the heart rate incredsed later.,
e nemorriaged animai without injury, the heart responds almost
cxe.usively with an early ilncrease in the heart rate. The ratio
$V/CVP has been caiculated to evaluate the inotropy for the group of

wizs the injury confirming the previous hypothesis.
It appears therefore, that in the case of a hemorrhage preceded by a
ballistic injury, the heart used the mecharism of its increased
inotropy, rather than its rate, to compznsate for the hypcvolemis.
Thié reaction, which is effective for a hamorrhage of low volume,
can become unsutficient or result in cardiac fatique for a larger
hemorrhage, as we have observed in the animals injured and
lemrrhaged at 19ml/kg, which died at the end of hemorrhage. However,
to confirm this hypothesis, additional experiments will be
necessary.
Inotropy and heart .ate are modulated by the vagal and sympathetic
activity. A mod.fication of the responses of these parameters can
come from the mouduiatjion of the bulance between the two system’'s .
central control nuclei. Also, it will be particularly interesting to
tudy the prec.se role of the vagus, by vagotomy, injection of
atropine, or a do-e of pancreatic polypeptide.
The modifications of hematclogic and biochemical parameters reflect
the physiclogi :al responses which resulted from the injury and/or
the hemorrhage : the drop in hematccrit and the rate of hemoglobin
are evidence of transcapillary refill. The epinephrine concentration
reached its maximum at the end of hemorrhage reflecting increaaed
sympathetic activity. The increase of the creatinine is a
conseguence of renal disfunction. The blood gases and pi, the
hydroelectric equilibrium did not vary in a significant fashion. In
contrast, the bicarbonate and the base excess dropped moderately,
which corresponds to a well compensated hypovolemia. With the
animals injured ard hemorrhaged, the enzymes, evidence of cellular
lysis, are liberated in a slower fashion but more intensely than in
the wounded but not hemorrhaged grcup, reflecting the differences of
iocal perfusion.
in conclusion, an injury of soft tissue by a projectile under
anesthesia, mocifies the physiological responses of the organism to
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with hemorrhage, the heart utilizes the mechanism of increased
inowropy rather than increaced chronotropy, for contending againet
the hypovolemia. This compeansatory reaction, effective for the small
"loss of blood (25%) became insufficient with a larger hemorrhage.
The model of simple hemorrhage is therefore not quite representative -
of that which one would observe on the battlefield where hemorirhage
is frequently the consequence of a bullet wound. There may be some
iimit in extrapolating the conrclusion gained from thie anesthetized,
combintion wound-hemorrlkage model tc that expected in the conscious
animal, because the anesthesia itself mcdifies appreciably the
responses to hemorrhage.
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